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Understanding Water-Based Binder Behavior in Manganese-Based 
Electrodes For Aqueous Zinc Batteries
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Introduction : In recentyears,zinc (fourth-mostminedmaterialon theEarth)hasgaineda

significant attentionbecauseit is wildly available,cheapand recyclable. Moreover,it allows water-

basedbatteriesthatcouldcompetewith LIB without safetyissues. With the increasein the importance

of sustainability in battery production, the role of binders is becoming increasinglypertinent in

aqueousprocessingand stationaryelectric energystoragehasbecomea growing worldwide interest

dueto increasedglobalmarketneeds.

Summary and Perspective 
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With respectto LIB, currentelectrodeprocessingfor aqueousbatterysystemsis basedon the useof

fluorine-containing polymers, such as polyvinylidene difluoride (PVdF) which requires toxic N-

methyl-2-pyrrolidone(NMP) solvent. Therefore,PNNL investigatesvariouswater-solublebindersfor

Zn/MnO2 systems to offers experimental insights into the developing fully sustainableand

environmentallybenignbindersthat affect batterylifetime, electrodefabrication,andthe large-scale

cell manufacturingprocess.1

1Electrochemical Materials and Systems Group, Pacific Northwest National Laboratory (PNNL), Richland, Washington, USA
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Resultsand Discussion

Objective: The goal of this programis to enhancethe electrochemicalperformanceof

Zn/MnO2 aqueousbatteriesby usinglow costandenvironmentallyfriendly binders.2

No. Binders Solvent Structures

B1 5 wt% Polyvinylidene fluoride (PVdF) NMP

B2 2.5 wt % Carboxymethylcellulose(CMC) Water

B3 2.5 wt%Alginicacid, sodium salt Water

B4 2 wt% CMC +Polyvinyl alcohol (PVA)(1:1 wt%) Water +

Cycling Performances

Å Smallerchargetransfer(R2) wasobservedfor thecell with theaqueousB2 binder(CMC) beforeandafter

cyclingwhich indicatesthatintercalationprocessof activeionstakesplaceatgreaterease.

Å In the low frequencyregion,thecell with B1 binder(PVdF) displayssteeperslope(Warburgline), which

impliesslowerdiffusionnearthesurface.

SEM and inductively coupled plasma (ICP) Analysis
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Å The MnO2-Zn cell with B2 binder (CMC) achievedhigher cell capacityof 166 mAh/g at 5C and 288

mAh/g at C/3 (insetdata)for 300cyclesthantherestof thecellsincludingPVdF.

Å The50th voltageprofile displaysthecell with CMC showingsmallercell overpotential.

Å At 0.3C. theMnO2 cathodewith CMC binderexhibitshighcapacityutilization of 88%.

1M ZnSO4 (pH=4.41)

ICP test of B3 binder

Na+

Na+O-

ÅSimilar cathode particle sizes and

distribution on the surfaces were

observed for all cathodesexcept B4

beforeandaftercycling.

ÅEDX results show significant cathode

particleaggregationfor the cell with B4

binderafterelectrodeslurry processing.

ÅICP resultssupportaqueousbinderscan

be stable in the electrolyte without

dissolution.

EIS Measurement

Approach: 

Safety

Durability

Cost

MnO2 Zinc

Water

Theoretical capacity=308mAh/g for 1e-

70% MnO2 (EMD)+ 20% Carbon + 10% Binder

Various pre-screening tests for different binders

ÅWater-basedbinders show high adhesion

ability dueto hydroxyl andcarboxymethyl

functional groupsleadingstronghydrogen

bonding with compositions and current

collector.

ÅWettability test demonstratesthe order of

hydrophilicity of electrodesurfaceswith

differentbindersasB4> B2> B3> B1.

ÅAll the cathodeswith different binders

seem very stable in 1M ZnSO4 over 6

months.
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ÅWe observedwater-solublebinderCMC canbestableandoffer desirableadhesionat certainpH levels

(3.5~5) withoutanydecomposition.

ÅElectrochemicaldata also indicatesthat higher capacityutilization with lower cell overpotentialis

achievedin thecellswith CMC binderversusthecellswith PVdFbinder.

ÅOur work suggeststhat the implementation of water-soluble binders can lead to substantial

improvementsfor efficient andcost-effectiveelectrodemanufacturingfor aqueousbatterysystems.

ICP results: ppm

Sample ID# Dilute times Zn Na S

1M ZnSO4 + B1 10000 6.154 0 3.53

1M ZnSO4 + B3 10000 6.227 0.002 3.63

EDX 

B4 binder


